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first analogue weight parameter according to a receiving
situation of the common sequence, and determining an
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rameter regarding the receiving side device according to
a receiving situation of the pre-determined pilot frequen-
cy signal, and determining an antenna configuration for
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ing to the determined second analogue weight parameter
so as to send the data to the receiving side device.
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Description
FIELD

[0001] The present disclosure relates to a wireless communication method and a wireless communication device, and
particularly to a beamforming training method for a multi-user massive antenna system and a device using the method.

BACKGROUND

[0002] In recent years, millimeter-wave technology and massive multi-input multi-output (MIMO) technology are con-
sidered as key technology of the future 5th generation mobile communication (5G), and have attracted extensive attention.
The millimeter-wave frequency band includes a large amount of available spectrum resources, which can meetincreasing
requirements for business traffic. In addition, since the wavelength of the millimeter wave is short, hundreds or thousands
of antennas can be arranged in a small spatial range, which facilitates application of the massive antenna technology
in an actual system.

[0003] Fig.1isaschematicdiagram showing a single-base-station multi-user millimeter wave massive antenna system.
As shown in Fig. 1, a base station 100 is provided with M antennas, and is used to serve K user equipments UE 1 to
UE K. Each of the K user equipments is provided with N antennas. In a conventional fully-digital precoding architecture
(one radio frequency link is connected to only one antenna unit), data for the K user equipments is mapped into M radio
frequency links and M antenna units using a full-digital precoding matrix W € CM*K_ |n this way, an optimal precoding
performance can be obtained. M radio frequency links are required in the fully-digital precoding architecture, which
results in a problem such as high hardware complexity and large power consumption. Therefore, a fully-connected hybrid
precoding architecture is employed in the system shown in Fig. 1. In this architecture, data streams for the K user
equipments are mapped into K radio frequency links (K<M) by a digital precoder 110 using a digital precoding matrix B
(B e CK*K), Signal of each radio frequency link is up-converted, and then is conveyed to M antennas via an analog
phase shifting network 120 for transmission. Since each radio frequency link corresponding to multiple phase shifters
and multiple antenna units enables a single radio frequency link to form a beam, the hardware cost in the fully-connected
hybrid precoding architecture may be greatly reduced, compared with the fully-digital precoding architecture in which
multiple radio frequency links form a beam. Values of the phase shifters in the analog phase shifting network 120
constitute an analog precoding matrix F. Since a phase rather than an amplitude of a signal is changed by the phase
shifter, the analog precoding matrix F e CM*K meets the constraint |[F],, ,|> =M. Accordingly, a signal received by the
user equipments UE 1 to UE K at an antenna is conveyed to one or more radio frequency links via a phase shifting
network 140. In the hybrid precoding architecture, a downlink signal transmission model may be expressed as:

Vi = wZHkFBx + w,{nk,

where y, denotes a signal received by the k-th user equipment, H, denotes a downlink channel matrix between the k-
th user equipment and the base station 100, F and B denote an analog precoding matrix and a digital precoding matrix,
respectively, f, in the k-th column of the analog precoding matrix F denotes an analog transmitting weight vector (for
example, used for setting phases of multiple phase shifters connected to the k-th radio frequency link) for the k-th user
equipment, W, denotes a receiving weight vector of the k-th user equipment, n, denotes Gaussian white noise, and x
denotes data transmitted to the Kuser equipments UE 1 to UE K. Due to limitation regarding device, the analog transmitting
weight vector f, and the receiving weight vector w, are normally selected from a predefined codebook, and particularly
selected from a codebook Fc of the base station 100 and a codebook Wc of the user equipment (UE), respectively.
[0004] In the hybrid precoding architecture, the analog transmitting weight vector and the receiving weight vector are
normally designed separately from the digital precoding matrix B, to reduce calculation complexity. A process of selecting
an optimal analog transmitting weight vector/receiving weight vector for each user equipment from the codebooks is
referred to as beamforming training. The beamforming training may be performed according to a criterion of maximizing
the received power of the user. The criterion is expressed as follows:

{Wk,optafk,opt} = argmaX"leka” S.t. WEWcaf € Fc:

where {w 1, fic optt denotes an optimal downlink receiving weight vector/an optimal downlink transmitting weight vector
for the k-th user equipment.
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[0005] After the analog receiving weight vector/transmitting weight vector {Wk,opp fk,opt} are obtained, a downlink equiv-
alent channel Hqq € CKXK'may be obtained, where[Hgl;; = w,-loptTH,-fj,Opt. According to the random matrix theory, H, is
a principally diagonally dominant matrix in a case that the number of antennas of the base station 100 is much greater
than the number of user equipments (UEs) (that is, M>>K). Therefore, the digital precoding matrix B may be designed
using a linear digital precoding algorithm such as the zero-forcing algorithm (ZF). The digital precoding matrix B is

expressed as follows:

B=H,"(H., H.,”)"A,

where A denotes a diagonal matrix and is used to allocate transmit power among the user equipments.

[0006] A conventional beamforming training mechanism mainly includes physical channel estimation, exhaustive
search, multi-layer feedback and one-time feedback.

[0007] With the physical channel estimation mechanism, a downlink physical channel H, e CNXM s estimated directly
based on a pilot, and the user equipment calculates an optimal transmitting/receiving weight vector based on the estimated
physical channel, and feeds back the transmitting weight vector to the base station. In the millimeter-wave system, the
base station and the user equipment are each provided with a large number of antennas. Therefore, complexity of
channel estimation is high. Also, since the pilot is not beamformed, the received signal-to-noise ratio (SNR) is low and
the accuracy of channel estimation is low.

[0008] All possible transmitting/receiving weight vectors are searched for with the exhaustive search mechanism. The
user equipment measures channel quality based on each pair of transmitting/receiving weighing vectors, to select an
optimal pair of weight vectors, and feeds back the transmitting weight vector to the base station. The exhaustive search
mechanism may realize optimal performance, however, the complexity is very high.

[0009] With the multi-layer feedback mechanism, a training process is respectively performed on multiple layers based
on a multi-layer codebook designed in advance, and exhaustive search is performed in each of the multiple layers. Since
the number of selectable codewords in each layer is small, the complexity is reduced. The transmitting weight vectors
are fed back to the base station for multiple times in the multi-layer feedback mechanism, which results in occupying a
large amount of resources additionally. In addition, since the training processes are different for different user equipments,
training is performed for all the user equipments separately successively, which results in high overall complexity.
[0010] Beamforming training is divided into two procedures in the one-time feedback mechanism. Firstly, the base
station searches for all possible transmitting weight vectors, and the user equipment receives a signal with an omnidi-
rectional beam and estimates channel quality, and selects an optimal transmitting weight vector and feeds the optimal
transmitting weight vector back to the base station. Secondly, the base station transmits a weight vector fixedly, and the
user equipment searches for an optimal receiving weight vector. As compared with the exhaustive search mechanism,
the complexity of the one-time feedback mechanism is reduced, however, performance loss is caused, and the complexity
is increased with the increase in the number of user equipments.

[0011] To sum up, the main problem in the conventional beamforming training mechanism is high complexity, and the
complexity of the beamforming training in the millimeter-wave system affects a communication establishing time, which
is an important indicator in the mobile communication system. Therefore, a rapid beamforming training mechanism for
multi-user millimeter-wave massive antenna system is required.

[0012] The above illustration is provided to better understand the embodiments of the present disclosure. However,
it should be understood that it does not mean that the above illustration belongs to the conventional technology, and the
above illustration may include content in the embodiments of the present disclosure.

SUMMARY OF INVENTION

[0013] In order to solve the above problem, a receiving-side device in a communication system is provided in the
present disclosure. The receiving-side device includes one or more processors configured to: determine analog weight
parameters for multiple antennas of the receiving-side device based on reception of a common sequence from a trans-
mitting side by the receiving-side device; and determine, based on the analog weight parameters, antenna configuration
for transmitting a predetermined pilot signal corresponding to the receiving-side device, so as to transmit the predeter-
mined pilot signal to the transmitting side

[0014] A transmitting-side device in a communication system is further provided in the present disclosure. The trans-
mitting-side device includes one or more processors configured to: generate a common sequence to be transmitted to
multiple receiving-side devices; with respect to each of the multiple receiving-side devices, determine analog weight
parameters for multiple antennas of the transmitting-side device based on reception of a predetermined pilot signal from
the receiving-side device, wherein the predetermined pilot signal is transmitted by the receiving-side device based on
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multi-antenna transmitting weight parameters of the receiving-side device, and the multi-antenna transmitting weight
parameters are determined by the receiving-side device based on reception of the common sequence.

[0015] Atraining method in a communication system is further provided in the present disclosure. The method includes:
generating, by a transmitting-side device, a common sequence to be transmitted to multiple receiving-side devices;
determining, by each of the multiple receiving-side devices, first analog weight parameters based on reception of the
common sequence; determining, by each of the multiple receiving-side devices, antenna configuration for transmitting
a predetermined pilot signal corresponding to the receiving-side device based on the determined first analog weight
parameters, to transmit the predetermined pilot signal to the transmitting-side device; determining, by the transmitting-
side device, second analog weight parameters for the receiving-side device based on reception of the predetermined
pilot signal; and determining, by the transmitting-side device, antenna configuration for transmitting data directed to the
receiving-side device based on the determined second analog weight parameters, to transmit the data to the receiving-
side device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present disclosure may be better understood with reference to the description given hereinafter in con-
junction with the drawings, in which same or similar reference numerals are used to represent the same or similar
components throughout the drawings. The drawings together with the following detailed description are included in this
specification and form a part of this specification, and are used to further illustrate the preferred embodiments of the
present disclosure and to explain the principles and advantages of the present disclosure. In the drawings:

Fig. 1 is a schematic structural block diagram of a single-base-station multi-user millimeter-wave massive antenna
communication system to which the present disclosure is applied;

Fig. 2 schematically shows structure of a full-connected phase shifting network of a base station;

Fig. 3 schematically shows structure of a sub-connected phase shifting network of a base station;
Fig. 4 schematically shows structure of a user equipment provided with multiple radio frequency links;
Fig. 5 schematically shows structure of a user equipment provided with a single radio frequency link;
Fig. 6 is a flow chart of an example of beamforming training in the present disclosure;

Fig. 7 is a schematic diagram illustrating downlink training in the present disclosure;

Fig. 8A and Fig. 8B are schematic diagrams illustrating uplink training in the present disclosure;

Fig. 9 is a flow chart of another example of beamforming training in the present disclosure;

Fig. 10A and Fig. 10B shows performance comparison between the beamforming training in the present disclosure
and the conventional technology; and

Fig. 11 is a block diagram showing exemplary configuration of computer hardware.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0017] Fig. 1 is a schematic structural block diagram of a communication system to which the present disclosure is
applied. As shown in Fig. 1, in a base station 100, K user data streams are inputted into a baseband digital precoder
110, and the digital precoder 110 performs digital precoding on the K data streams using a digital precoding matrix B,
to map the K data streams into K radio frequency (RF) links with different weight coefficients. Interference between
different data streams can be eliminated through the digital precoding in a case that multiple data streams multiplex the
same physical transmission resource. It should be noted that since different beams can be transmitted separately in
space by analog precoding, interference between different transmission streams can be reduced at some extent, and
the digital precoding is not necessary processing in the present disclosure. In order to reduce the complexity of the
system or reduce the cost, the digital precoder may be omitted in some embodiments. In addition, the digital precoding
is performed in the baseband, therefore, the digital precoder may be implemented by for example a baseband processor,
and is also referred to as baseband precoder sometimes. In addition, analog precoding is implemented under the control
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of a processing circuit in radio frequency, and is also referred to as analog beamforming sometimes.

[0018] It should be noted that beamforming is known in the existing conventional technology. However, the beam-
forming is mostly discussed in an architecture in which the radio frequency links are in one-to-one correspondence with
the antenna units, and there is no constraint regarding device, and from the perspective of implementation it is not
necessary to perform training repeatedly for selecting a codeword from a fixed codebook for actual transmission. In the
conventional technology, beamforming is performed only at a base station side, the user equipment only receives a
signal passively, and does not adjust antenna configuration (for example a radio frequency device). In the present
disclosure, however, a radio frequency link of the user equipment corresponds to multiple phase shifter and multiple
antenna units, and the user equipment adopts a particular antenna configuration scheme when receiving or transmitting
a signal, to cooperate with the base station, thereby implementing high-quality signal transmission.

[0019] Atfter the digital precoding, baseband signals are up-converted, amplified and filtered in K radio frequency links,
to generate radio frequency signals.

[0020] The K radio frequency links are connected to an analog phase shifting network 120, M outputs of the phase
shifting network 120 are connected to M antennas respectively. Values of phase shifters in the phase shifting network
120 constitute an analog precoding matrix (or referred to as analog beamforming matrix) F. As different from the digital
precoding, the received signal-to-noise ratio of the user equipment are improved and channel path fading is overcome
through the analog beamforming, therefore, different beams are generated for different user equipments generally.
[0021] A processor 130 is configured to generate or determine the digital precoding matrix B and the analog precoding
matrix F. That is, the processor 130 is configured to control digital precoding processing and configuration of the phase
shifters in the phase shifting network 120. It should be understood that the processor 130 in the present disclosure may
be implemented as one or more high-layer controllers, a baseband processor and other processor, and different proc-
essors may be configured to generate the digital precoding matrix B and the analog precoding matrix F, respectively.
[0022] Typically, the phase shifting network 120 includes a full-connected phase shifting network type and a sub-
connected phase shifting network type. Fig. 2 schematically shows the structure of the full-connected phase shifting
network. As shown in Fig. 2, each radio frequency link is connected to M phase shifters, signals outputted from every
K (K<M) phase shifters are added by an adder and then connected to one antenna unit. Fig. 3 schematically shows the
structure of the sub-connected phase shifting network. As shown in Fig. 3, each radio frequency link is connected to
M/K phase shifters, and each phase shifter is connected to one antenna unit.

[0023] Fig. 1 is a schematic diagram showing each user equipment (UE) provided with N receiving antennas, in
practice, the user equipments (UEs) may be provided with different numbers of antennas, and the present disclosure is
not limited thereto. Fig. 4 shows a structure of the user equipment (UE) in detail. As shown in Fig. 4, signals received
through N antenna units is connected to multiple radio frequency links (the number of radio frequency links is less than
the number of antenna units) via a phase shifting network 410, and then are filtered, amplified, down-converted to obtain
a baseband received signal (not shown). The phase shifting network 410 has a similar structure as the phase shifting
network 120 at the base station side. Values of phase shifters in the phase shifting network 410 constitute an analog
receiving weight matrix W for the user equipment (UE). In addition, similar to the base station side, the processor 420
configures the receiving weight matrix W, that is, configures the values of the phase shifters in the phase shifting network
410.

[0024] In addition, Fig. 5 shows another structure of the user equipment (UE), which is simpler as compared with the
structure shown in Fig. 4. In Fig. 5, the user equipment includes only one radio frequency link, and signals received
through N antennas are added and outputted to the radio frequency link, without the need for the phase shifting network.
In this case, values of the N phase shifters connected to the N antennas constitute analog receiving weight vectors W
for the user equipment (UE). Similarly, the processor 510 configures the values of the N phase shifters, thatis, configures
the receiving weight vectors W.

[0025] In an example of the present disclosure, one weight vector corresponds to one value mode of the multiple
phase shifters, an element of the weight vector indicates phase values of a set of phase shifters, and the weight matrix
includes multiple weight vectors for multiple radio frequency links. In addition, all available weight vectors constitute a
beamforming codebook. In other words, each weight vector corresponds to one codeword in the beamforming codebook.
[0026] The structure of the communication system and the structures of the base station and the user equipment in
the present disclosure are introduced above in conjunction with Fig. 1 to Fig. 5. As described above, the received signal
corresponding to the k-th data stream (it should be noted that the user equipment provided with multiple radio frequency
links may receive multiple data streams) at the base station side may be expressed as:

yi =wi H, FBx +w; ny,

where H, denotes a downlink channel matrix corresponding to the k-th data stream between the user equipment and
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the base station. B e CK*K denotes a digital precoding matrix, and usually the digital precoding matrix B is a diagonally
dominant matrix, that is, a value of a diagonal element is large. In this way, after the digital precoding, a signal in the k-
th radio frequency link mainly comes from the k-th data stream. F ¢ CM*K denotes an analog precoding matrix, the k-
th column f,. of the analog precoding matrix F denotes an analog transmitting weight vector for the k-th radio frequency
link (which is used to mainly carry the k-th data stream). In the full-connected phase shifting network structure shown
in Fig. 2, since each radio frequency link is connected to all antennas, therefore, all elements of the vector f, is non-

zero. In the sub-connected phase shifting network structure shown in Fig. 3, since each radio frequency link is connected

to only a portion of the antennas, only the ((k -1 % + 1)'th element to the (k .%)'th element of the vector f are
K K
non-zero, and the other elements are zero.

[0027] In addition, W, denotes an analog receiving weight vector of the user equipment for the k-th data stream. In a
case that the phase shifting network 410 at the user equipment side is the full-connected phase shifting network or the
sub-connected phase shifting network, the vector W, is similar to the above vector .

[0028] In addition, x denotes a signal transmitted by the base station corresponding to K data streams, and n, denotes
Gaussian white nose.

[0029] As described above, due to limitation regarding device constraint, the analog transmitting weight vector f, and
the analog receiving weight vector W, must be selected from a predefined codebook. That is, only a certain codeword
from the predefined codebook can be used. In the present disclosure, the codebook at the base station side is defined
as Fc, and the codebook at the user equipment side is defined as Wec. In particular, in the sub-connected phase shifting
network structure, the codebook refers to a set of all possible values of non-zero elements in the weight vector.

[0030] A flow of beamforming training in the present disclosure is described in detail below in conjunction with Fig. 6.
[0031] As shown in Fig. 6, in step S601, the base station 100 notifies all user equipments (UEs) served by the base
station of downlink training information through for example a broadcast channel. The downlink training information may
include for example a time period for transmitting a downlink training sequence (such as pilot signal), and the number
of times for transmitting the downlink training sequence and the like. The downlink training sequence is generated by
the base station 100 (for example, the processor 130), and is transmitted to all user equipments (UEs) from the base
station 100 in step S602. For example, in a case that the present disclosure is applied to a Long Term Evolution Advanced
(LTE-A) system, the downlink training sequence may be a channel state information reference signal (CSI-RS), acommon
reference signal (CRS), a demodulation reference signal (DMRS) and the like, and the broadcast channel may be for
example a broadcast control channel (BCCH). In an example, in a case that the downlink training information includes
the time period for transmitting a CSI-RS and includes information indicating that the CSI-RS is transmitted only in
particular subframes, the downlink training information may not include the number of times for transmitting the CSI-RS
because a definite number of the particular subframes are included in the time period.

[0032] In step S602, the base station 100 broadcasts the downlink training sequence (CSI-RS) to all of the user
equipments (UEs) for multiple times using an omnidirectional beam f,,.. The omnidirectional beam f,; is defined as
an analog transmitting weight vector meeting |agg(8, @)"'f, .l =C. where agg(6,¢) denotes a response vector for trans-
mission antenna of the base station, 0 and ¢ denote angle of arrival in the horizontal direction and angle of arrival in the
vertical direction, respectively, and C denotes a constant.

[0033] For a downlink training sequence transmitted by the base station 100, the user equipment (UE) may estimate
an equivalent channel coefficient in a case that a certain codeword in the codebook Wc is taken as the analog receiving
weight vector. For another downlink training sequence broadcasted by the base station 100, the user equipment may
estimate an equivalent channel in a case that another codeword is taken as the analog receiving weight vector. In this
way, since the number of times (for example, P) for transmitting the downlink training sequence by the base station is
equal to the number of codewords in the codebook Wc (that is, the size of the codebook) of the user equipment (UE),
the user equipment can estimate equivalent channels in a case of using all codewords in the codebook Wc by receiving
the downlink training sequences transmitted for P times.

[0034] Reference is made to Fig. 7, which shows that the base station 100 broadcasts the downlink training sequence
to the user equipments UE 1 to UE K for P times using the omnidirectional beam f,,,;. For the downlink training sequence
broadcasted for the first time, the user equipments UE 1 to UE K estimate equivalent channel coefficients in a case that
codeword w' is taken as a receiving weight vector, respectively. For the downlink training sequence broadcasted for
the second time, the user equipments UE 1 to UE K estimate equivalent channel coefficients in a case that codeword
w2 is taken as a receiving weight vector, respectively, and so forth, until estimation is performed for P codewords in the
codebook Wec. It should be understood that, in a case that the sizes of codebooks Wc of multiple user equipments are
different from one another, the base station 100 determines the number of times for repeatedly broadcasting the training
sequence based on for example the size of the codebook of the user equipment having the maximum size of codebook,
so as to ensure that all user equipments can perform complete estimation.
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[0035] In addition, the user equipment having multiple radio frequency links may perform estimation for one codeword
using each of the radio frequency lines. Therefore, estimation may be performed for multiple codewords simultaneously
upon receiving one downlink training sequence broadcasted by the base station 100. In theory, the base station 100
may reduce the number of times for repeatedly transmitting the downlink training sequence in this case. In practice,
since both the user equipment having a single radio frequency link and the user equipment having multiple radio frequency
links exist, the base station 100 still needs to repeatedly broadcast the downlink training sequence based on the size P
of the codebook of the user equipment, so as to ensure that the user equipment having the single radio frequency link
performs complete estimation.

[0036] After completing estimation of the equivalent channels for all codewords, the user equipment (UE) selects
based on the estimation results a downlink receiving weight vector which enables the receiving quality of the downlink
training sequence to meet a predetermined condition. Preferably, the user equipment selects a receiving weight vector
corresponding to the best receiving quality as a downlink receiving weight vector to be used in the communication, as
in step S603 shown in Fig. 6. A criterion for selection may include: 1) a criterion of maximizing power of the received
signal; and 2) a criterion of maximizing signal-to-interference ratio. These two criterions are respectively suitable to a
case that the user equipment is provided with the single radio frequency link and a case that the user equipment is
provided with multiple radio frequency links.

[0037] For example, in the case that the user equipment is provided with the single radio frequency link, the criterion
of maximizing the power of the received signal may be expressed as:

st.weW,,

{Wop | = argmax ”wTHfomm-

where w denotes a downlink receiving weight vector used in a case of the single radio frequency link. As described
above, w is selected from the codewords of the codebook Wc. Wc denotes an analog beamforming codebook predefined
in the user equipment. H € CN*M denotes a downlink channel matrix between the base station and the user equipment
(N and M denote the number of antennas provided to the user equipment and the number of antennas provided to the
base station, respectively), and f,,,,; denotes an omnidirectional beam used by the base station.

[0038] Furthermore, based on symmetry of uplink channel characteristics and downlink channel characteristics, a
value of a phase shifter connected to the single radio frequency link of the user equipment (UE) may be configured
based on the above-determined Wopt, to transmit an uplink training sequence (described hereinafter) to the base station.
[0039] In a case that the user equipment is provided with multiple radio frequency links, the criterion of maximizing
signal-to-interference ratio may be expressed as:

NRF
{wj,gpt } = argmax Z log,(1+SIR ;) ,
j=1
T
ij Hfomni
where SIR]- = o s.tw; € W, Ngg denotes the number of radio frequency links provided to the user
Z"Wz Hfomni
i#j

equipment, and Wjdenotes an analog receiving weight vector used for the j-th radio frequency link. As described above,
W/- is selected from the codewords of the codebook Wc. Wc denotes the analog beamforming codebook predefined in

the user equipment. H e CNXM denotes a downlink channel matrix between the base station and the user equipment,
and f,,,; denotes an omnidirectional beam used by the base station.

[0040] Values of a set of phase shifters connected to the j-th radio frequency link of the user equipment (UE) may be
configured based on the above-determined W ., to transmit an uplink training sequence (to be described hereinafter)
to the base station. In an example, the values of respective sets of phase shifters connected to respective radio frequency
links of the user equipment (UE) may be configured with W/-,Opt. Thatis, the respective sets of phase shifters are configured
in the same manner.

[0041] As an extended example, the user equipment (UE) having multiple radio frequency links may perform training
with two base stations (for example a macro base station and a small base station) simultaneously through dual con-
nectivity technology specified in the LTE-A communication protocol for example. In this case, the user equipment (UE)
may obtain analog receiving weight vectors w1 and w2 for the two base stations, respectively, and then the user equipment
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(UE) configures values of a set of phase shifters connected to radio frequency link 1 based on the determined weight
vector w1 for the base station 1, and configures values of a set of phase shifters connected to radio frequency link 2
based on the determined weight vector w2 for the base station 2, so as to implement analog beamforming transmissions
with two base stations simultaneously.

[0042] After the use equipment (UE) obtains the downlink receiving weight vector for communication in step S603,
the downlink training process ends.

[0043] The userequipment (UE)then calculates an uplink transmitting weight vector based on the determined downlink
receiving weight vector in step S604, and transmits an uplink training sequence using the calculated uplink transmitting
weight vector, to start an uplink training process. Since channel characteristics of a downlink channel and channel
characteristics of an uplink channel are reciprocal in a time division duplex (TDD) system, the determined receiving
weight vector may serve as an uplink transmitting weight vector of the user equipment (UE) directly. In a frequency
division duplex (FDD) system, an accurate uplink transmitting weight vector may be obtained by correcting the receiving
weight vector, which is described in detail hereinafter.

[0044] The base station 100 broadcasts uplink training information to all user equipments (UEs) in step S605. The
uplink training information may include for example a time period for transmitting an uplink training sequence, the number
of times for transmitting an uplink training sequence and the like. In an example, in a case that the uplink training
information includes the time period for transmitting the uplink training sequence and includes information indicating that
one uplink training sequence is transmitted in each subframe, the uplink training information may not include the number
of times for transmitting the uplink training sequence because a definite number of the subframes are included in the
time period. In another example, the base station notifies the user equipment of information on the radio frequency link,
the beamforming codebook and the like by including it in the system information when the user equipment accesses to
network. In this case, the uplink training information may not include the number of times for transmitting the uplink
training sequence. In other examples, itis possible to setin advance that the uplink training will start when a predetermined
time elapses after the downlink training ends, and therefore the base station 100 may not transmit the uplink training
information. In addition, the base station 100 notifies the user equipment (UE) of the uplink training sequence allocated
to the user equipment (UE) through a particular channel and dedicated signaling such as RRC signaling.

[0045] The user equipment (UE) transmits the uplink training sequence to the base station 100 based on the uplink
transmitting weight vector obtained in step S604 and the uplink training sequence and the uplink training information
obtained in step S605, as shown in step S606. In particular, the uplink training sequences used by the user equipments
(UEs) are orthogonal with each other, including at least one of the training sequences being orthogonal with each other
and the physical transmission resources being orthogonal with each other. The uplink training sequence may be for
example orthogonal pilot signal, such as Sounding Reference Signal (SRS). In a case that the uplink training sequence
is the SRS, since the user equipment performs beamforming on the SRS based on a downlink training result and transmits
the SRS, downlink channel information can be fed back implicitly and more accurately while reference on resource
scheduling is provided to the base station, without specialized signaling overhead for feedback.

[0046] For the uplink training sequence transmitted by each user equipment (UE), the base station 100 estimates an
equivalent channel coefficient in a case that each codeword in the wordbook Fc is used as an uplink receiving weight
vector, and determines based on the estimation result an uplink receiving weight vector which enables the receiving
quality of the uplink training sequence to meet a predetermined condition (or to be optimum), as shown in step S607.
[0047] In particular, in a preferred example in which the base station 100 is configured with the full-connected phase
shifting network, since the base station 100 is provided with multiple radio frequency links, estimation may be performed
for multiple codewords simultaneously. That is, an equivalent channel is estimated in a case that one codeword is taken
asthereceiving weight vectorin each of the radio frequency links. Therefore, the base station 100 may estimate equivalent
channels for Kgg codewords for one uplink training sequence transmitted by the user equipment (UE), where Kgg denotes
the number of radio frequency links provided to the base station 100. In this way, the size of the codebook Fc predetermined
in the base station 100 is Q, and the number of times for transmitting the uplink training sequence by the user equipment
(UE) is Q/Kgp in theory.

[0048] Reference is made to Fig. 8A, which shows that the user equipments UE 1 to UE K transmit uplink training
sequences for multiple times using uplink transmitting weight vector w4 to w, respectively corresponding to the user
equipments UE 1 to UE K. For example, for an uplink training sequence transmitted by the user equipment UE 1 using
a weight vector w, for the firsttime, the base station 100 may estimate equivalent channel coefficients for Kgg codewords
f1,f2... fKrRF because the base station 100 has Kgg radio frequency links. For an uplink training sequence transmitted by
the user equipment UE1 using a weight vector w, for the second time, the base station 100 may estimate equivalent
channel coefficients for Kgg additional codewords Kgt1, Ko *2... 2K and so forth, until estimation is performed for
all Q codewords in the codebook Fc. For other user equipments UE 2 to UE K, the processing of the base station 100
is the same as processing of the user equipment UE 1.

[0049] The uplink training sequences transmitted by multiple user equipments UE 1 to UE K are received at antennas
of the base station 100 in an overlapped manner. Since the uplink training sequences transmitted by the user equipments
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(UEs) are orthogonal with each other, the base station 100 can parse the sequences transmitted by the user equipments,
and perform uplink training on the user equipments, respectively. In this case, resources consumed in the uplink training
process are irrelevant to the number of user equipments. Therefore, it is desired that as many user equipments (UEs)
as possible transmit uplink training sequences simultaneously if the number of available orthogonal pilot signals (uplink
training sequences) permits, so as to save total training overhead. Preferably, in a case that the full-connected phase
shifting network structure shown in Fig. 2 is used in the phase shifting network 120 of the base station 100, each of radio
frequency links is connected to all antennas, and signals of all transmission paths may be received. In this case, all user
equipments (UEs) served by the base station 100 may transmit the uplink training sequences simultaneously, so that
the base station 100 can perform uplink training on all user equipments (UEs), and select a receiving weight vector for
each of the user equipments (UEs).

[0050] In another aspect, in a case that the sub-connected phase shifting network structure shown in Fig. 3 is used
in the phase shifting network 120 of the base station 100, each of the radio frequency links of the base station 100 may
be configured to receive the uplink training sequences transmitted by all user equipments (UEs) by using the same
receiving weight vector, and estimate equivalent channels. As shownin Fig. 8B, for an uplink training sequence transmitted
by the user equipment UE 1 using the weigh vector w, for the first time, the Kgg radio frequency links of the base station
100 receive the uplink training sequence by using codeword f! as the receiving weight vector, and estimate equivalent
channel coefficients. For the uplink training sequence transmitted by the user equipment UE 1 using the weigh vector
w, for the second time, the Kxg radio frequency links of the base station 100 receive the uplink training sequence by
using codeword 72, and estimate equivalent channel coefficients, and so forth, until estimation is performed for all Q
codewords of the codebook Fc. Although training overhead in this case is greater than training overhead in the case
that the base station 100 is provided with a full-connected phase shifting network, the case of the sub-connected phase
shifting network structure has obvious advantages compared with the exhaustive search mechanism.

[0051] For the uplink training of the user equipment (UE), after estimating equivalent channels for all Q codewords in
the beamforming codebook Fc, the base station 100 selects based on the estimation result an uplink receiving weight
vector which enables the receiving quality of the uplink training sequence to meet a predetermined condition. A criterion
for selection includes: 1) a criterion of maximizing power of the received signal; and 2) a criterion of maximizing signal-
to-interference ratio. These two criterions are respectively suitable to a case that the user equipment is provided with a
single radio frequency link and a case that the user equipment provided with multiple radio frequency links.

[0052] In the case that the user equipment is provided with the single radio frequency link, the criterion of maximizing
power of the received signal may be expressed as:

{fopt} = arg maX"fTHw” st.feF.,

where f denotes a receiving weight vector at a base station side used for an uplink training sequence transmitted by the
user equipment 100. As described above, f is selected from the codewords of codebook Fc. Fc denotes an analog
beamforming codebook predefined in the base station 100. H € CM*N denotes an uplink channel matrix between the
user equipment (UE) and the base station 100 (N and M denote the number of antenna provided to the user equipment
and the number of antenna provided to the base station, respectively), and w denotes an uplink transmitting weight
vector used by the user equipment (UE).

[0053] Values of a set of phase shifters connected to a RF link corresponding the user equipment (UE) in the base
station 100 may be configured based on the above-determined fopt, to transmit data for the user equipment (UE) (to be
described hereinafter).

[0054] Ina case thatthe user equipment (UE) is provided with multiple radio frequency links, the criterion of maximizing
signal-to-interference ratio may be expressed as:

NRF
{fj,opt} = arg max Zlogz(l-i-SIRj) ,
n —_ n ]:1
”ijHWj
where SIRj = T s.t f; € F,, Ngg denotes the number of radio frequency links provided to the user
>,
J
i#j
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equipment 100, and f/-denotes areceiving weight vector at the base station side used for the j-th radio frequency link of
the user equipment 100. As described above, fjis selected from the codewords of codebook Fc. Fc denotes an analog

beamforming codebook predefined in the base station 100. H € CM*N denotes an uplink channel matrix between the
user equipment and the base station 100, and W/ denotes a transmitting weight vector used by the j-th radio frequency

link of the user equipment 100.

[0055] Values of asetof phase shifters connected to aradio frequency linkin the base station 100 whichis corresponding
to the j-th radio frequency link of the user equipment (UE) may be configured based on the above-determined f;
transmit data for the user equipment (to be described hereinafter).

[0056] The base station 100 calculates downlink transmitting weight vector for communication based on the determined
uplink receiving weight vectorin step S608. Since channel characteristics of an uplink channel and channel characteristics
of a downlink channel are reciprocal in a time division duplex (TDD) system, the determined receiving weight vector
may directly serve as a transmitting weight vector. In a frequency division duplex (FDD) system, the downlink transmitting
weight vector is obtained by correcting the uplink receiving weight vector.

[0057] As described in steps S604 and S608, in the FDD system, both the user equipment (UE) and the base station
100 need to correct the determined receiving weight vector, so as to obtain transmitting weight vector, which is described
below.

[0058] In general, a method for correcting the receiving weight vector is related to antenna configuration and codebook
design. A correcting method is given below in the case of a normal linear uniformly-spaced antenna array and Fast
Fourier Transform (FFT) codebook design.

[0059] Itis assumed that wavelengths of electromagnetic waves corresponding to an uplink frequency and a downlink
frequency are denoted as 4., and Ay, respectively, and antenna spacing is denoted as d. FFT codebook is given
according to a codebook matrix C € CN_XN_ and each column in the matrix denotes a receiving/transmitting weight
vector. N, denotes the number of antennas, and N, denotes the size of codebook. Value of an element in the i-th row
and the m-th column is denoted as:

opt’

Lix((m+Nc/2)m0ch)J
N./4

[C]i,m = .] ‘ .

[0060] Underthe above condition, in a case that the downlink receiving weight vector determined by the user equipment
100 in step S603 is the (Kgoun)-th column of the codebook matrix, the user equipment 100 selects the (k,,)-th column
in the codebook matrix as a transmitting weight vector for uplink transmission in step S604. kup is given in the following
equation:

[0061] In addition, in a case that the uplink receiving weight vector determined by the base station 100 in step S607
is the (k,,,)-th column of the codebook matrix, the base station 100 selects the (kyq,,,,)-th column in the codebook matrix
as a transmitting weight vector for downlink transmission in step S608. k,,,, is given in the following equation:

.

down

-

kp - —2— Ky < N, /2

up —

kdown =3

N.— (N, —kup)-ﬂ,kup >N, /2

down
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[0062] Afterthe base statin 100 obtains the downlink transmitting weight vector in step S608, the uplink training process
ends. The base station 100 performs digital precoding processing in step S609.

[0063] The base station 100 first estimates an equivalent channel matrix. The least square (LS) estimation for the (i,
j)-th element in the equivalent channel matrix is expressed as:

yjq)iH

W,lﬁl,]ﬁ[(,

T T T
[Heq]i,j = Wi,optHifj,opt = fj,optHi Wi,opt =

where f; ;s denotes an uplink receiving weight vector used by the base station 100, and y; denotes a signal sequence
received in a case that f; ;. is used by the base station 100. w; ,,; denotes an optimal uplink transmitting vector obtained
by the i-th user equipment (assuming that the user equipment is provided with a single radio frequency link) in a downlink
training phase, H; denotes a downlink channel matrix between the base station and the i-th user equipment, and @;
denotes an orthogonal pilot used by the i-th user equipment.

[0064] The base station 100 calculates a digital precoding matrix B using the zero-forcing (ZF) algorithm. The digital

precoding matrix B may be expressed as:

B=H,"(H,H,”)"A,

where A denotes a diagonal matrix for allocating transmission power among the user equipments.

[0065] Through the above processing, the base station 100 has obtained the digital precoding matrix B, and thus can
perform digital precoding on Kdata streams. In another aspect, the base station 100 has obtained the downlink transmitting
weight vectors for all user equipments (UEs) (or radio frequency links thereof), that is, obtaining an analog precoding
matrix F, and therefore the base station 100 may configures values of phase shifters in the analog phase shifting network
120. With the above configuration, the base station 100 may transmit actual data (different from the training sequence)
to the user equipment (UE) in step S610. Accordingly, the user equipment (UE) may also receive the actual data using
the receiving weight vector determined in step S603.

[0066] It should be noted that, although it is described in the description of the flow shown in Fig. 6 that the steps are
performed by the base station 100 and the user equipment (UE) for the sake of clarity, it can be easily understood by
those skilled in the art that processing or calculation in the steps may be performed by the processor 130 of the base
station 100 or the processor 420, 510 of the user equipment (UE).

[0067] The beamforming training processing shown in Fig. 6 may be applied to a periodic training between the base
station 100 and the user equipment (UE), that is, the base station 100 periodically notifies the user equipment (UE) of
downlink training information (as described in step S601), so as to start the training process. Fig. 9 shows a beamforming
training process in non-periodic training.

[0068] Asshown inFig. 9, the user equipment 100 measures channel quality in step S901. In a case that the measured
channel quality is lower than a predetermined threshold, the user equipment 100 transmits a training request to the base
station 100 in step S902. In response to the request from the user equipment (UE), similar to step S601, the base station
100 broadcasts downlink training information to the user equipment in step S903, so as to start training process. Sub-
sequent steps S904 to S912 are the same as steps S602 to S610 in Fig. 6, which thus are omitted here.

[0069] The embodiments of the present disclosure are described in detail above in conjunction with the drawings.
According to the present disclosure, a base station broadcasts a downlink training sequence in a downlink training
process, and all user equipments can participate in the training simultaneously. The required number of probing pairs
(NPP) is P, and P is the size of beamforming codebook in the user equipment. In an uplink training process, all user
equipments having orthogonal uplink training sequences may participate in the training simultaneously, and Kgg radio
frequency links provided to the base station may simultaneously estimate equivalent channels for different codewords.
As such, the required number of probing pairs is Q/Kgg, where Q is the size of beamforming codebook in the base
station. Therefore, the overall complexity of the beamforming training mechanism in the present disclosure is Q/Kgg+P,
and the complexity is not increased with the increase in the number of the users. Therefore, the beamforming training
mechanism in the present disclosure is suitable to the multi-user millimeter-wave communication system. In addition, a
feedback operation of the user equipment with respect to the base station is not required in the beamforming training
mechanism of the present disclosure.

[0070] Fig. 10A and Fig. 10B show average downlink reachable rates of the users implemented by the rapid multi-
user beamforming training mechanism in the present disclosure, the existing exhaustive search mechanism and the
existing one-time feedback mechanism under different channel conditions. In Fig. 10A and Fig. 10B, the abscissa denotes
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signal-to-noise ratio, the ordinate denotes average downlink reachable rate, N, denotes the number of scattering clusters
in a channel, Ny, denotes the number of sub-paths included in each scattering cluster, T denotes length of a training
sequence. It can be seen from Fig. 10A and Fig. 10B that in a case that the number of scattering objects in the millimeter-
wave channel is small (that is, the channel is sparse), performance of the rapid multi-user beamforming training mech-
anism and the one-time feedback mechanism almost approaches to the optimal performance of the exhaustive search
mechanism. With the increase in the number of scattering objects in the channel, there is small performance loss in the
rapid multi-user beamforming training mechanism and the one-time feedback mechanism, but performance of the beam-
forming training mechanism of the presentdisclosure is still better than performance of the one-time feedback mechanism.
In addition, with the increase of the signal-to-noise ratio, the performance of the beamforming training mechanism of
the present disclosure in a noise environment rapidly converges to the performance in a noise-free environment, that
is, an upper limit of performance of the beamforming training mechanism.

[0071] The presentdisclosure can be applied into various products. For example, the base station in the embodiments
described above may be implemented as any type of evolved node B (eNB), such as macro eNB and small eNB. The
small eNB such as pico eNB, micro eNB and home (femto-cell) eNB may have a smaller coverage than a macro cell.
Alternatively, the base station may also be implemented as any other type of base station, such as NodeB and base
transceiver station (BTS). The base station may include a body (also referred to as base station device) configured to
control wireless communication; and one or more remote radio heads (RRHs) arranged in a different location from the
body. In addition, various types of terminals may operate as a base station by temporarily or semi-persistently executing
the function of the base station.

[0072] Inanotheraspect,the user equipmentinthe embodiments described above may be implemented as for example
a communication terminal (such as smart phone, tablet personal computer (PC), laptop PC, portable game terminal,
portable/dongle mobile router and digital camera device) or an on-board terminal (such as car navigation terminal). The
user equipment may also be implemented as a terminal for performing machine-to-machine (M2M) communication,
which is also referred to as machine type communication (MTC) terminal. In addition, the user equipment may be a
wireless communication module (such as an integrated circuit module including a single wafer) installed on each terminal
described above.

[0073] In addition, the processor in the present disclosure may be implemented as a baseband processor or a com-
bination of a baseband processor and a general-purpose processor, for example, a central processing unit (CPU) or a
digital signal processor (DSP).

[0074] The various devices or modules described herein may be only logical and do not strictly correspond to physical
devices or assemblies. For example, a function of each of the modules described herein can be implemented by multiple
physical entities, or, functions of multiple modules described herein may be implemented by a single physical entity. In
addition, it should be noted that features, components, elements, steps or the like described in an embodiment are not
limited to the embodiment, and may be applied into other embodiment, for example, may be substituted for or combined
with particular features, components, elements, steps or the like in other embodiment.

[0075] A series of processing performed by each device or module in the above embodiments may be implemented
with software, hardware or a combination thereof. Programs included in the software may be stored in, for example, a
memory medium arranged inside or outside the device in advance. As an example, during execution, the programs are
written into a random access memory (RAM) and are executed by a processor (such as CPU).

[0076] Fig. 11 is ablock diagram showing an exemplary configuration of computer hardware for performing the above
processing according to a program.

[0077] In a computer 1100, a central processing unit (CPU) 1101, a read only memory (ROM) 1102 and a random
access memory (RAM) 1103 are connected with each other via a bus 1104.

[0078] An input/output interface 1105 is further connected to the bus 1104. The following components are connected
to the input/output interface 1105: an input unit 1106 in the form of keyboard, mouse, microphone and the like; an output
unit 1107 in the form of display, loudspeaker and the like; a storage unit 1108 in the form of hard disk, non-volatile
memory and the like; a communication unit 1109 in the form of network interface card (such as Local area network (LAN)
card and modem); and a driver 1110 for driving a removable medium 1111 such as magnetic disk, optical disk, magnetic
optical disk or semiconductor memory.

[0079] In the computer having the above structure, the CPU 1101 loads the programs stored in the storage unit 1108
into the RAM 1103 via the input/output interface 1105 and the bus 1104, and executes the programs to perform the
above series of processing.

[0080] The programs to be executed by the computer (CPU 1101) may be recorded on the removable medium 1111
which is package medium formed of magnetic disk (including floppy disk), compact disk (including compact disk read-
only memory (CD-ROM), digital versatile disk (DVD) and the like), magneto optical disk or semiconductor memory for
example. Alternatively, the programs to be executed by the computer (CPU 1101) may also be provided via wired or
wireless transmission medium such as LAN, the Internet or digital satellite broadcasting.

[0081] In a case that the removable medium 1111 is mounted in the driver 1110, the programs may be loaded into
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the storage unit 1108 via the input/outputinterface 1105. In addition, the programs may be received by the communication
unit 1109 via a wired or wireless transmission medium, and are loaded in the storage unit 1108. Alternatively, the
programs can be previously loaded into the ROM 1102 or the storage unit 1108.

[0082] The programs to be executed by the computer may execute the processes in a sequence as described in the
specification, or may execute the processes in parallel or execute the process when necessary (e.g., when being called).
[0083] The embodiments and technical effects of the present disclosure are described above in detail in conjunction
with the drawings. However, the scope of the present disclosure is not limited thereto. It should be understood by those
skilled in the art that, various modifications or changes can be made to the embodiments discussed herein without
departing from the principle and spirit of the present disclosure, depending on design requirements and other factors.
The scope of the present disclosure is defined by the appended claims or the equivalents thereof.

[0084] In addition, the present disclosure may be configured as follows.

[0085] A receiving-side device in a communication system includes one or more processors configured to: determine
analog weight parameters for multiple antennas of the receiving-side device based on reception of a common sequence
from a transmitting side by the receiving-side device; determining antenna configuration for transmitting a predetermined
pilot signal corresponding to the receiving-side device based on the analog weight parameters, so as to transmit the
predetermined pilot signal to the transmitting side.

[0086] The communication system includes multiple receiving-side devices, each of which has a predetermined pilot
signal corresponding thereto, wherein respective predetermined pilot signals corresponding to respective receiving-side
devices are orthogonal to one another.

[0087] The respective predetermined pilot signals corresponding to the respective receiving-side devices are trans-
mitted to the transmitting side simultaneously.

[0088] The predetermined pilot signal is Sounding Reference Signal.

[0089] The predetermined pilot signal corresponding to the receiving-side device is configured for the receiving-side
device by the transmitting side.

[0090] The analog weight parameters indicate a value pattern for multiple phase shifters connected with the multiple
antennas.

[0091] The determining the analog weight parameters based on the reception of the common sequence from the
transmitting side by the receiving-side device includes: setting values of the multiple phase shifters connected with the
multiple antennas according to different value patterns, to receive the common sequence; and determining the analog
weight parameters based on a pattern for the values of the multiple phase shifters, with which values a receiving quality
of the common sequence meeting a predetermined condition can be obtained.

[0092] The common sequence is repeatedly transmitted by the transmitting side for several times in a first time period,
and the one or more processors are further configured to, with respect to the common sequence in respective transmis-
sions, set the values of the multiple phase shifters according to different value patterns, to respectively receive the
common sequence in the respective transmissions.

[0093] The one or more processors are further configured to set the values of the multiple phase shifters based on
the determined analog weight parameters, to transmit the predetermined pilot signal to the transmitting side for at least
one time in a second time period.

[0094] Thereceiving-side device operates as a communication terminal, and the receiving-side device further includes:
the multiple antennas configured to receive the common sequence and transmit the predetermined pilot signal; one or
more radio frequency links configured to connect to the multiple antennas via the multiple phase shifters; and a storage
configured to store a beamforming codebook, wherein the value pattern for a set of phase shifters connected with one
radio frequency link corresponds to one codeword in the beamforming codebook, wherein the multiple antennas are
further configured to receive a control instruction from the transmitting side, the control instruction including at least one
of the following control parameters: the first time period, the number of times for repeatedly transmitting the common
sequence, the second time period, and the number of times for transmitting the predetermined pilot signal, wherein the
number of times for repeatedly transmitting the common sequence is related to a size of the beamforming codebook.
[0095] The value patterns for respective sets of phase shifters connected with respective radio frequency links are
set in the same manner, to transmit the predetermined pilot signal to the transmitting side.

[0096] The one or more processors are further configured to determine the analog weight parameters in accordance
to a criterion of maximizing power of a received signal or a criterion of maximizing Signal-to-Interference Ratio.

[0097] The one or more processors are further configured to correct the determined analog weight parameters, and
determine the antenna configuration for transmitting the predetermined pilot signal based on the corrected analog weight
parameters.

[0098] A transmitting-side device ina communication network includes one or more processors configured to: generate
a common sequence to be transmitted to multiple receiving-side devices; with respect to each of the multiple receiving-
side devices, determine analog weight parameters for multiple antennas of the transmitting-side device, based on re-
ception of a predetermined pilot signal fromthe receiving-side device, wherein the predetermined pilot signal is transmitted
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by the receiving-side device based on multi-antenna transmitting weight parameters of the receiving-side device, and
the multi-antenna transmitting weight parameters are determined by the receiving-side device based on reception of the
common sequence.

[0099] The one or more processors are further configured to determine antenna configuration for transmitting data
directed to the receiving-side device based on the determined analog weight parameters, to transmit the data to the
receiving-side device.

[0100] The common sequence is broadcasted to the multiple receiving-side devices for several times.

[0101] The common sequence corresponds to Channel Status Information Reference Signal.

[0102] The analog weight parameters indicate a value pattern for multiple phase shifters connected with the multiple
antennas of the transmitting-side device.

[0103] The determining analog weight parameters for the multiple antennas of the transmitting-side device based on
the reception of the predetermined pilot signal from the receiving-side device includes: setting the values of the multiple
phase shifters according to different value patterns, to receive the predetermined pilot signal; and determining the analog
weight parameters based on a pattern for the values of the phase shifters, with which values a receiving quality of the
predetermined pilot signal meeting a predetermined condition can be obtained.

[0104] The one or more processors are configured to perform control to repeatedly transmit the common sequence
for several times in a first time period, such that the receiving-side device determines the multi-antenna transmitting
weight parameters based on the reception of the common sequence transmitted for several times.

[0105] The one or more processors are configured to, with respect to the predetermined pilot signal transmitted by
the receiving-side device for at least one time in a second time period, set the values of the multiple phase shifters
according to different value patterns, to respectively receive the predetermined pilot signals in respective transmissions.
[0106] The transmitting-side device operates as a base station, and the transmitting-side device further includes: the
multiple antennas configured to transmit the common sequence and receive the predetermined pilot signal; multiple
radio frequency links configured to connect to the multiple antennas via the multiple phase shifters; and a storage
configured to store a beamforming codebook, wherein the value pattern for a set of phase shifters connected with one
radio frequency link corresponds to one codeword in the beamforming codebook, wherein the one or more processors
are further configured to generate a control instruction for the receiving-side device, the control instruction including at
least one of the following control parameters: the first time period, the number of times for repeatedly transmitting the
common sequence, the second time period, and the number of times for transmitting the predetermined pilot signal, and
wherein the number of times for repeatedly transmitting the predetermined pilot signal is related to a size of the beam-
forming codebook.

[0107] The one or more processors are configured to correct the determined analog weight parameters, and determine
the antenna configuration for transmitting the data based on the corrected analog weight parameters.

[0108] A receiving-side device in a communication system includes: an analog weight parameter determining module
configured to determine analog weight parameters for multiple antennas of the receiving-side device based on reception
of a common sequence from a transmitting side by the receiving-side device; an antenna configuring module configured
to determine antenna configuration for transmitting a predetermined pilot signal corresponding to the receiving-side
device based on the analog weight parameters, so as to transmit the predetermined pilot signal to the transmitting side.
[0109] The analog weight parameter determining module is further configured to: set values of the multiple phase
shifters connected with the multiple antennas according to different value patterns, to receive the common sequence;
and determine the analog weight parameters based on a pattern for the values of the multiple phase shifters, with which
values a receiving quality of the common sequence meeting a predetermined condition can be obtained.

[0110] The common sequence is repeatedly transmitted by the transmitting side for several times, and the analog
weight parameter determining module is further configured to, with respect to the common sequence in respective
transmissions, set the values of multiple phase shifters according to different value patterns, to respectively receive the
common sequences in the respective transmissions.

[0111] The antenna configuring module is further configured to set the values of the multiple phase shifters based on
the determined analog weight parameters, to transmit the predetermined pilot signal to the transmitting side for at least
one time.

[0112] The antenna configuring module is further configured to set value patterns for respective sets of phase shifters
connected with respective radio frequency links in the same manner, to transmit the predetermined pilot signal to the
transmitting side.

[0113] The analog weight parameter determining module is further configured to determine the analog weight param-
eters in accordance to a criterion of maximizing power of a received signal or a criterion of maximizing a Signal-to-
Interference Ratio.

[0114] The receiving-side device further includes a correcting module configured to correct the determined analog
weight parameters, and the antenna configuring module is further configured to determine the antenna configuration for
transmitting the predetermined pilot signal based on the corrected analog weight parameters.
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[0115] A transmitting-side device in a communication network includes: a common sequence generating module
configured to generate a common sequence to be transmitted to multiple receiving-side devices; an analog weight
parameter determining module configured to, with respect to each of the multiple receiving-side devices, determine
analog weight parameters for multiple antennas of the transmitting-side device, based on reception of a predetermined
pilot signal from the receiving-side device, wherein the predetermined pilot signal is transmitted by the receiving-side
device based on multi-antenna transmitting weight parameters of the receiving-side device, and the multi-antenna trans-
mitting weight parameters are determined by the receiving-side device based on reception of the common sequence.
[0116] The transmitting-side device further includes an antenna configuring module configured to determine antenna
configuration for transmitting data directed to the receiving-side device based on the determined analog weight param-
eters, to transmit the data to the receiving-side device.

[0117] The analog weight parameter determining module is further configured to set the values of the multiple phase
shifters according to different value patterns, to receive the predetermined pilot signal; and determine the analog weight
parameters based on a pattern for the values of the phase shifters, with which values a receiving quality of the prede-
termined pilot signal meeting a predetermined condition can be obtained.

[0118] The analog weight parameter determining module is further configured to, with respect to the predetermined
pilot signal transmitted by the receiving-side device for at least one time, set the values of the multiple phase shifters
according to different value patterns, to respectively receive the predetermined pilot signals in respective transmissions.
[0119] The transmitting-side device further includes a control instruction generating module configured to generate a
control instruction for the receiving-side device, wherein the control instruction includes at least one of the following
control parameters: a time period for transmitting the common sequence, the number of times for repeatedly transmitting
the common sequence, atime period for transmitting the predetermine pilot signal, and the number of times for transmitting
the predetermined pilot signal.

[0120] The transmitting-side device further includes a correcting module configured to correct the determined analog
weight parameters, and the antenna configuring module is further configured to determine the antenna configuration for
transmitting the data based on the corrected analog weight parameters.

[0121] A training method in a communication system includes: generating, by a transmitting-side device, a common
sequence to be transmitted to multiple receiving-side devices; determining, by each of the multiple receiving-side devices,
first analog weight parameters based on reception of the common sequence; determining, by each of the multiple
receiving-side devices, antenna configuration for transmitting a predetermined pilot signal corresponding to the receiving-
side device based on the determined first analog weight parameters, to transmit the predetermined pilot signal to the
transmitting-side device; determining, by the transmitting-side device, second analog weight parameters for the receiving-
side device based on reception of the predetermined pilot signal; and determining, by the transmitting-side device,
antenna configuration for transmitting data directed to the receiving-side device based on the determined second analog
weight parameters, to transmit the data to the receiving-side device.

Claims
1. Areceiving-side device in a communication system, comprising one or more processors configured to:

determine analog weight parameters for a plurality of antennas of the receiving-side device based on reception
of a common sequence from a transmitting side by the receiving-side device; and

determine, based on the analog weight parameters, an antenna configuration for transmitting a predetermined
pilot signal corresponding to the receiving-side device, so as to transmit the predetermined pilot signal to the
transmitting side.

2. The receiving-side device according to claim 1, wherein the communication system comprises a plurality of the
receiving-side devices, each of which has a predetermined pilot signal corresponding thereto,
wherein respective predetermined pilot signals corresponding to respective receiving-side devices are orthogonal
to one another.

3. The receiving-side device according to claim 2, wherein the respective predetermined pilot signals corresponding
to the respective receiving-side devices are simultaneously transmitted to the transmitting side.

4. Thereceiving-side device according to claim 1, wherein the predetermined pilot signal is Sounding Reference Signal.

5. Thereceiving-side device accordingto claim 1, wherein the predetermined pilot signal corresponding to the receiving-
side device is configured for the receiving-side device by the transmitting side.
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The receiving-side device according to claim 1, wherein the analog weight parameters indicate a value pattern for
a plurality of phase shifters connected with the plurality of antennas.

The receiving-side device according to claim 6, wherein the determining the analog weight parameters based on
the reception of the common sequence from the transmitting side by the receiving-side device comprises:

setting values of the plurality of phase shifters connected with the plurality of antennas according to different
value patterns, to receive the common sequence, and

determining the analog weight parameters based on a pattern for the values of the plurality of phase shifters,
with which values a receiving quality of the common sequence meeting a predetermined condition can be
obtained.

The receiving-side device according to claim 7, wherein the common sequence is repeatedly transmitted by the
transmitting side for several times in a first time period,

wherein the one or more processors are further configured to, with respect to the common sequence in respective
transmissions, set the values of the plurality of phase shifters according to different value patterns, to respectively
receive the common sequences in the respective transmissions.

The receiving-side device according to claim 7, wherein the one or more processors are further configured to set
the values of the plurality of phase shifters based on the determined analog weight parameters, to transmit the
predetermined pilot signal to the transmitting side for at least one time in a second time period.

The receiving-side device according to any one of claims 7 to 9, wherein the receiving-side device operates as a
communication terminal, and the receiving-side device further comprises:

the plurality of antennas configured to receive the common sequence and transmit the predetermined pilot signal;
one or more radio frequency links configured to connect to the plurality of antennas via the plurality of phase
shifters; and

a storage configured to store a beamforming codebook,

wherein the value pattern for a set of phase shifters connected with one radio frequency link corresponds to
one codeword in the beamforming codebook,

wherein the plurality of antennas are further configured to receive a control instruction from the transmitting
side, and the control instruction comprises at least one of the following control parameters: the first time period,
the number of times for repeatedly transmitting the common sequence, the second time period, and the number
of times for transmitting the predetermined pilot signal,

wherein the number of times for repeatedly transmitting the common sequence is related to a size of the
beamforming codebook.

The receiving-side device according to claim 10, wherein the value patterns for respective sets of phase shifters
connected with respective radio frequency links are set in the same manner, to transmit the predetermined pilot
signal to the transmitting side.

The receiving-side device according to claim 7, wherein the one or more processors are further configured to
determine the analog weight parameter in accordance to a criterion of maximizing power of a received signal or a
criterion of maximizing Signal-to-Interference Ratio.

The receiving-side device according to claim 1, wherein the one or more processors are further configured to correct
the determined analog weight parameters, and determine the antenna configuration for transmitting the predeter-
mined pilot signal based on the corrected analog weight parameters.

A transmitting-side device in a communication network, comprising one or more processors configured to:

generate a common sequence to be transmitted to a plurality of receiving-side devices;

with respect to each of the plurality of receiving-side devices, determine analog weight parameters for a plurality
of antennas of the transmitting-side device, based onreception of a predetermined pilot signal from the receiving-
side device,

wherein the predetermined pilot signal is transmitted by the receiving-side device based on multi-antenna
transmitting weight parameters of the receiving-side device, and the multi-antenna transmitting weight param-
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eters are determined by the receiving-side device based on reception of the common sequence.

The transmitting-side device according to claim 14, wherein the one or more processors are further configured to
determine antenna configuration for transmitting data directed to the receiving-side device based on the determined
analog weight parameters, to transmit the data to the receiving-side device.

The transmitting-side device according to claim 14, wherein the common sequence is broadcasted to the plurality
of receiving-side devices for several times.

The transmitting-side device according to claim 14, wherein the common sequence corresponds to Channel Status
Information Reference Signal.

The transmitting-side device according to claim 14, wherein the analog weight parameters indicate a value pattern
for a plurality of phase shifters connected with the plurality of antennas of the transmitting-side device.

The transmitting-side device according to claim 18, wherein the determining the analog weight parameters for the
plurality of antennas of the transmitting-side device based on the reception of the predetermined pilot signal from
the receiving-side device comprises:

setting the values of the plurality of phase shifters according to different value patterns, to receive the prede-
termined pilot signal; and

determining the analog weight parameters based on a pattern for the values of the phase shifters, with which
values a receiving quality of the predetermined pilot signal meeting a predetermined condition can be obtained.

The transmitting-side device according to claim 14, wherein the one or more processors are configured to perform
control to repeatedly transmit the common sequence for several times in a first time period, such that the receiving-
side device determines the multi-antenna transmitting weight parameters based on the reception of the common
sequence transmitted for several times.

The transmitting-side device according to claim 19, wherein the one or more processors are configured to:

with respect to the predetermined pilot signal transmitted by the receiving-side device for at least one time in a
second time period, set the values of the plurality of phase shifters according to different value patterns, torespectively
receive the predetermined pilot signals in respective transmissions.

The transmitting-side device according to any one of claims 19 to 21, wherein the transmitting-side device operates
as a base station, and the transmitting-side device further comprises:

the plurality of antennas configured to transmit the common sequence and receive the predetermined pilot signal;
a plurality of radio frequency links configured to connect to the plurality of antennas via the plurality of phase
shifters; and

a storage configured to store a beamforming codebook,

wherein the value pattern for a set of phase shifters connected with one radio frequency link corresponds to
one codeword in the beamforming codebook,

wherein the one or more processors are further configured to generate a control instruction for the receiving-
side device, and the control instruction comprises at least one of the following control parameters: the first time
period, the number of times for repeatedly transmitting the common sequence, the second time period, and the
number of times for transmitting the predetermined pilot signal,

wherein the number of times for repeatedly transmitting the predetermined pilot signal is related to a size of the
beamforming codebook.

The transmitting-side device according to claim 15, wherein the one or more processors are further configured to

correct the determined analog weight parameters, and determine the antenna configuration for transmitting the data
based on the corrected analog weight parameters.
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